Microsorum grossum (Polypodiaceae), locally called metuapua'a, is one of the most frequently used fern species in Polynesian traditional medicine. Fronds or rhizomes of this species are common ingredients of popular medicine recipes to cure various ailments. M. grossum frond and rhizome extracts contain, as their main bioactive components, phytoecdysteroids such as 20-hydroxyecdysone, known to have many interesting biological activities and considered to be adaptogenic compounds [1] . The skin-active effect of M. grossum extract was investigated in two ways on human dermal fibroblasts: a transcriptomic study with c-DNA array for gene expression modulation and a Stress Induced Premature Senescence (SIPS) test. The total extract of M. grossum up-regulates Heme Oxygenase 1 (HO1), an enzyme which protects cells from oxidative stress and which is responsible for skin photoimmunoprotection. The present paper also reports that premature senescence of human skin induced by repeated UV irradiations can be prevented by an ecdysteroid fraction of M. grossum. Our data indicate that extracts of M. grossum could protect skin against oxidative stresses and suggest that they could be used as innovative active cosmetic ingredients.
Free radicals and reactive oxygen species (ROS) caused by oxidative stress, UVB exposure and other environmental factors are critical players in cellular damage and aging. Normal human dermal fibroblasts (NHDF) exposed to UVB, H 2 O 2 or organoperoxides undergo Stress-Induced Premature Senescence (SIPS) [2] [3] . Cells under SIPS display several features of replicative senescence such as irreversible growth arrest in G1, senescence-associated -galactosidase activity (SA -gal), the common 4977-bp mitochondrial DNA deletion and change in expression level of several senescence-associated genes, like p21, fibronectin and MMPs [4] . SIPS can be used as an in vitro toxicological method for testing the long-term effects of molecules under development in the pharmaceutical, cosmetic and food industries [5] , either to test the potential deleterious effects of sub-cytotoxic exposure to molecules, or to assess the potential protective effects of molecules and complex natural extracts against these deleterious effects [6] . Following repeated exposure to sub-cytotoxic non-proapoptotic doses of UVB, NHDFs undergo SIPS in vitro [2] . The model illustrated below can be used as an in vitro model of photoageing since several common biomarkers are found in both skin photoageing and UVB-induced premature senescence.
Microsorum grossum, family Polypodiaceae family, is one of the most frequently used fern species in Polynesian traditional medicine. The fronds and/or rhizomes of M. grossum, named metuapua'a in French Polynesia, are usually prescribed in popular remedies to treat stomach ache, gonorrhoea, pneumonia, leucorrhoea, sterility, dislocations and fractures [7] [8] [9] . This plant contains phytoecdysteroids as their main bioactive components, including ecdysone, 20-hydroxyecdysone (ecdysterone), 2-deoxy-20-hydroxyecdysone and 2-deoxyecdysone [10] [11] . Previous phytochemical investigation using polyamide column chromatography allowed purification of the major phytoecdysteroids [12] .
Inhibition of stress induced premature senescence (SIPS)
In the present study, we tested the protective effects of 20hydroxyecdysone (12) , ergosterol (27), 7-dehydrocholesterol (29) and the fraction of an extract of M. grossum rich in ecdysteroids (fraction B), on premature ageing induced by repeated exposure of dermal fibroblasts (Cell line BJ) to UVB. The anti-ageing effect of the tested compounds was measured by the appearance of the wellrecognized senescence biomarker senescence-associated galactosidase (SA -gal) activity [13] [14] [15] . 
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Senescence-associated -galactosidase activity has been shown to be a reliable marker of fibroblast senescence. This activity in senescent fibroblasts is attributed to an increased expression of the lysosomal -D-galactosidase protein [16] . To determine if the test compounds protect human dermal fibroblasts against UVB-induced senescence, cells were treated by repeated UVB exposures leading to premature ageing, as described in the Experimental section. After the last UVB exposure, cells were incubated in the presence of the test compounds for 72 h. At the end of this recovery time, the cells positive for SA -gal activity were counted. The results are shown in Figures 1 and 2 . The experiment was repeated twice at an interval of 2 weeks. UVB-stressed BJ cells were characterized by a higher proportion of enlarged cells typical of senescent cultures. For cells exposed to UVB without treatment with the test compounds, the number of cells with SA -galactosidase activity increased when compared with the non-irradiated control cells. In the first experiment, repeated UV treatment of BJ dermal fibroblasts increased the percentage of senescent cells expressing SA -gal activity from 31% to 38.6%. Otherwise, in the cultures treated with fraction B of M. grossum (31) before and after the irradiations, the proportion of senescent cells was even lower compared with the control, with percentages of 26.0, 25.6, and 26.0% for 250, 125 and 50 g/mL respectively, showing that total protection of human dermal fibroblasts against the increase of -galactosidase positive cells after UVB irradiations lead to premature ageing. For cells exposed to UVB and treated with fraction B of M. grossum it was even found that the percentage of SA -gal positive cells was reduced to a level below that of the untreated, non-irradiated control. This has been observed also for 20-hydroxyecdysone (12) , ergosterol (27) and 7-dehydrocholesterol (29).
Trolox, a soluble analogue of vitamin E, was included as a positive control in the second experiment ( Figure 2 ). As expected, it reduced the appearance of SA -gal positive cells (41.5%) as compared with the untreated UVB-exposed control (49.2%). Fraction B of M. grossum brought down this proportion of senescent cells much lower, and even lower than that of the control, to 30.4, 36.0 and 36.4% for 250, 125 and 50 g/mL respectively. 20-Hydroxyecdysone (12) , ergosterol (27) and 7-dehydrocholesterol (29) were also more efficient than Trolox.
None of the compounds showed cytotoxic activity against human dermal fibroblast cell lines. Thus, all compounds protect human dermal fibroblasts against the increase of -galactosidase positive cells after repeated UVB irradiation exposures known to induce premature ageing. They are more efficient than the well-known antioxidant Trolox, a water soluble vitamin E analog. The ecdysteroid fraction of M. grossum (rich in ecdysone and 20hydroxyecdysone) completely protects BJ dermal fibroblasts from stress induced premature senescence.
Modulation of heme oxygenase 1:
A transcriptomic study with c-DNA array for gene expression modulation was performed on M. grossum extract for a better understanding of its effects on 5 housekeeping genes and 143 genes related to cell growth adhesion and signalling, stress, extracellular matrix synthesis and remodelling. After 24 h of contact with 10 μg/mL of the total ethanol extract E of M. grossum, NHDF showed a differential modulation of some of the 143 genes on the c-DNA array used in the experiment, while practically no gene was significantly over-or under-expressed by treatment with the ecdysteroid fraction B. Among the genes affected by ecdysteroids were those of Heme Oxygenase1 (HO1) up-regulated at 159 %, Ferritin (FTH1) upregulated at 162 % and Fibronectin repressed at 49 % of the control. These modulations were considered as moderate and require confirmation.
Confirmation by quantitative RT-PCR of the over-expression of Heme Oxygenase 1:
The quantitative evaluation of the Ferritin gene over-expression by E gave a value of only 139 %, too low to be significant, and that of the Fibronectin gene repression gave a value of 77 %, too high to be significant, although both results confirmed the tendency observed with the c-DNA test. As for Heme oxygenase1, its up-regulation was confirmed at 189 % of the control. The total extract of M. grossum, but not the ecdysteroid (fraction B), up-regulates Heme Oxygenase 1, an enzyme which protects cells from oxidative stress through the liberation of biliverdin, itself quickly converted into the antioxidant bilirubin and which exerts several other activities like the photoimmunoprotection of skin by UVB through the liberation of CO [17] . The data indicate that either extracts or fractions of M. grossum could protect skin against oxidative stresses and suggest that they could be used as an active ingredient for anti-aging cosmetic products [18] . 
Extraction:
The dried, milled fronds of M. grossum (1.5 kg) were exhaustively extracted with ethanol (4 L) with continuous stirring over 2 days at room temperature. The extract was filtered and the filtrate evaporated under reduced pressure to yield a syrup-like residue E (41.55 g). This was partitioned between CHCl 3 , H 2 O and then n-BuOH to give 5.08 g, 25.71 g and 10.84 g portions, respectively. The BuOH fraction, chromatographed using a column of polyamide and elution with 25% EtOH-H 2 O, yielded 10 fractions. Similar fractions were combined after TLC and HPLC examination to provide 4 fractions, A (1.57 g), B (0.24 g), C (2.76 g) and D (5.67 g). Fraction B (31) contained mainly ecdysteroids, essentially ecdysone and 20-hydroxyecdysone, as described by Ho et al. [12] .
Cell culture: Normal human dermal fibroblasts (NHDF) and
Human foreskin fibroblasts (BJ) were purchased from Lonza (Switzerland) and maintained in DMEM media containing 10% fetal calf serum (Invitrogen, UK) and 1% penicillin/streptomycin (GIBCO, USA). Fibroblasts were cultured in a humidified incubator at 37°C under an atmosphere of 95% air and 5% CO 2 .
Assay of cell viability on human dermal fibroblasts:
Cell cytotoxicity and proliferation were determined by the MTT colorimetric method [19, 20] . In brief, cells were cultured in 24-well plates at 1 x 10 5 cells/well for cytotoxicity determination and at 4 x 10 4 cells/well for the proliferation study. After incubation of the cells for 24 h, the products to be tested were added to achieve increasing final concentrations in the medium (1, 10, 50, 125 and 250 g/mL) and the cultures were incubated for additional time periods. At the end of incubation, tetrazolium dye (MTT, Sigma Chemical CO., St. Louis, MO) was added and then converted to purple formazan by succinate dehydrogenase in active mitochondria. The formazan concentration was measured by an Elisa microplate reader at 570 nm (TECAN Spectrofluor Plus, Maennedorf, Switzerland).
UVB irradiation:
Cells were sub-cultured in culture medium supplemented with 1% fetal calf serum. 20-Hydroxyecdysone (12) (50, 125 and 250 g/mL), ergosterol (27) (0.1, 0.25 and 0.5 g/mL), 7-dehydrocholesterol (29) (0.25, 0.5 and 1 g/mL) and Fraction B (31) (50, 125 and 250 g/mL) were added at 48 h after plating (24 h before the first irradiation). At 72 h after plating (24 h after the first incorporation of the products under test), they were washed once with phosphate-buffered saline, pH 7.4 (PBS), and exposed daily for 5 days to 200 mJ/cm² UVB in a thin layer of PBS using a Bio Sun UV illuminator (Viber-Lourmat). After each irradiation, PBS was replaced by DMEM/M199 + 1% fetal calf serum containing the test products. Control cells were kept in the same culture conditions without UVB exposure. After the last exposure, cells were allowed to recover for 72 h with or without 20-hydroxyecdysone (12), ergosterol (27), 7-dehydrocholesterol (29) and Fraction B (31). Therefore the UVB treatments were repeated once a day for 5 days in the absence of the test products, which were added only before and after each irradiation. determined 24 h later, as described by Dimri et al. [20] . The population of SA -gal positive cells was determined by counting, in triplicates, 400 cells per dish using a double blind procedure. The proportions of cells positive for SA -gal activity are expressed as a percentage of the total number of cells counted in each dish. The results are expressed as mean values ± standard deviation (SD).
Senescence-associated
cDNA array test: Normal human dermal fibroblasts (NHDF) incubated for 48 h in DMEM +10% FCS were treated with the tested products for 24 h in DMEM + 1% FCS, at the non-cytotoxic concentration of 10 μg/mL, which was determined in a preliminary experiment carried out under the same conditions. The mRNA of each culture was then extracted and analysis of gene expression was carried out with a BIOalternative minichip holding 5 housekeeping genes and 143 genes related to cell growth, adhesion and signalling, stress, extracellular matrix synthesis and remodelling. It was based on the use of mRNA as a template for reverse transcription and 33 P label for optimal sensitivity. The quantification of spot radioactivity was carried out with a "Cyclone" Phosphorimager (Packard Instrument, 72 h exposition) and ImageQuant TL software (Amersham).
Quantitative RT-PCR test:
The expression of markers selected through the results of the c-DNA array test was analyzed using quantitative RT-PCR on the same mRNA extracts. The reverse transcription of mRNA was conducted in the presence of oligo(dT) and Superscript II reverse transcriptase (Invitrogen). The polymerase chain reactions (PCR) were performed in triplicate using the "LightCycler®" system (Roche Molecular Systems Inc.), which incorporates the dye SYBR Green I into the double stranded DNA during the elongation cycle. The following primer couples were used to amplify the fragments corresponding to 3 genes: Hemeoxygenase1 (HMOX1, NM_002133), Ferritin (FTH1, NM_002032), and Fibronectin precursor (FN1). The relative expression value in arbitrary units was obtained with the formula (1/2 number of cycles ) x 10 6 for each marker of interest, and compared with that of the reference marker G3PDH.
